Fly ash-derived zeolites may become an attractive alternative for natural zeolites as well as for zeolites produced out of pure chemicals. A growing awareness of the need to protect the environment is an incentive for the use of waste materials as raw materials for production of microporous, multi-application materials -zeolites. Additionally, environmentally friendly actions undertaken in order to reduce air pollution intensify needs to search for new options for capturing hazardous air pollutants out of flue gases. Zeolites can be used as air pollutants sorbents. In this work there are presented results of sulphur dioxide, one of flue gases components, sorption experiments. The adsorbent used was zeolite synthesized form fly ash from a selected Polish power plant. For the purpose of investigation there were chosen fly ash zeolite samples synthesised with the use of different methods. Parameters were selected in such a way that one type of zeolite material was received. For the purpose of description of received results the mathematical model was used. As a result of experiments carried out it was found that the synthesized materials may be used as sulphur dioxide sorbent. It was found that the sorption capacity is highly connected with the zeolite synthesis method. Despite the fact that the same type of zeolite was received, samples presented differentiated values for capture, due to different conversion factors of fly ash into zeolite materials.
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INTRODUCTION
Taking into account still increasing restrictions connected with environmental pollutants, there is a need to search for new ways of use of waste materials as well as their effective uses [1] [2] . The use of fly ashes received as a by-product of coal burning as a substrate for synthesis of zeolites enables both: the usage of waste material and the production of materials of differentiated and high application potential -zeolites. Among the possible application of synthetic zeolites, there can be given: chemical industry, microelectronic, optical industry, building industry, agriculture and environmental protection [3] . Due to capability of capturing gases or vapours, zeolites may be used as air pacificators. One of possibilities of fly ash zeolite usage is sulphur dioxide sorption. In Fig. 1 there is presented correlation between the structure (what is mainly important is the size of the channel of zeolites) and its sorption properties.
In the present study there is analysed the behaviour of zeolite X received as a result of two different synthesis methods. The synthesis methods were selected in such a way that zeolite X was received. The sorption tests were performed three times with the use of the same sample for preliminary regeneration tests. For the description of the gas-solid phase adsorption data obtained, there were used to well-known adsorption models: Freudlich and Langmuir isotherm.
RAW MATERIAL FOR SYNTHESIS
For the purpose of the experiments there was selected fly ash form a Polish power plant burning hard coal in a pulverised boiler. The macro-and micro-scale photographs are presented in Fig. 2 .
In Fig. 2a , the micro-scale picture presents fly ash. It is visible that the material is in a form of fine powder. Figure 2b presents a microphotograph performed using SEM-EDS analysis which was performed with the use of FEI QUANTA 250200 FEG. The figure shows the predominance of aluminosilicate glass particles present in fly ash.
In Fig. 3 there is presented the XRD diffraction pattern of examined fly ash, performed with the use of powder X-ray diffraction methodology, Philips X'pert APD diffractometer.
The analysis of this figure gives information of the presence of quartz and mullite as predominant cristalline phases. Additionally, a halo in range 15-35° 2θ is observed, which corresponds to amorphous phase presence.
The oxide composition of fly ash, presented in Table 1 , was investigated with the use of the X-ray fluorescence method, Epsilon 3, PANalytical spectrometer.
The oxide composition provides information of a high share of Si and Al sources in fly ash. This information allows to suspect that the raw material might be used as a substrate for fly ash zeolite synthesis.
EXPERIMENTAL METHODOLOGY

Fly ash zeolites synthesis
Both methods used for the synthesis of fly ash zeolites were selected in a way allowing for the formation of the same type of zeolite in the sample-zeolite type X [5] [6] [7] .
Fusion method for fly ash zeolite synthesis
The synthesis of zeolite X by the fusion method together with hydrothermal aging of solutions was done. The fusion process was performed in the temperature of 700°C, the used fly ash-to-sodium hydroxide ratio was 0.8. The time of solution aging in the evaluated temperature after the fusion process was 6 hours. Received material was washed to pH~10 and dried. Received material was examined with the use of XRD and marked with symbol F.
Hydrothermal method for fly ash zeolite synthesis
The synthesis of zeolite X by the hydrothermal method was conducted in a temperature around 105°C, in alkaline aqueous solution (NaOH) with the addition of NaCl salt. The ratio of fly ash to sodium hydroxide and to sodium chloride used was 2:4:1, accordingly. The time range for synthesis was 24 hours. Received material was washed to pH~10 and dried. Received material was examined with the use of XRD and marked with symbol H.
Sulphur dioxide sorption procedure
Sulphur dioxide sorption experiments were performed with the use of Sartorius sorption microbalance. The scheme of installation was presented in Fig. 4 . The sorption temperature was 25°C. The samples were additionally dried before the measurement, and degasified in the apparatus. The sorption experiment was performed in three following cycles (marked with symbol I for the first cycle, II for the second cycle, III for the third cycle) on the same sample to check if the desorption process is possible. The desorption was performed by lowering the pressure. Only sorption data will be presented in the results.
EXPERIMENTAL RESULTS
Synthesis results
Fusion fly ash zeolite synthesis results
As a result of fusion synthesis there was received fine powder analysed with the use of XRD. The diffraction pattern presented in Fig. 5 proves that in the sample synthesised with the use of the fusion method there was present zeolite type X.
Hydrothermal method fly ash zeolite synthesis
In case of hydrothermal synthesis the zeolite type X was received. The diffraction patter of the synthesized sample is presented in Fig. 5 . In case of fly ash zeolites the conversion rate of fly ash into zeolite in most cases is not full. This fact results in the fact that despite zeolites present in the sample there are also present the remains of non-reacted fly ash. In case of H sample, there are clearly visible remains of quartz (Q) and mullite (M) in the sample. 
Sorption results
In the following adsorption data (i.e. Fig. 6 ) there were presented results of sulphur dioxide sorption. For the purpose of description of the data there were selected two models for received data analysis: Freudlich, eq. (1), and Langmuir, eq. (2):
,
where: a is adsorption; p is adsorbate pressure; k and n are constants for a given adsorbate and adsorbent at a particular temperature; a m is adsorption value corresponding to monolayer filling.
All sorption data as well as curves obtained with the use of Freudlich and Langmuir models are collected in Fig. 6 .
In Table 2 there are presented the calculated parameters for Freudlich and Langmuir isotherm models, as well as coefficients of determination.
DISCUSSION
Fly ash zeolite synthesis
It is possible to synthesise zeolites by using fly ash as a substrate. Selection of appropriate parameters allows for the formation of zeolite type X, both in fusion and hydrothermal methods. The conversion rate of fly ash transformation into zeolite is different in both methods. In case of the hydrothermal method, XRD diffraction patterns show pronounced reflections form quartz and mullite, confirming that not all silica and alumina sources were dissolved and recrystallized in the form of zeolite. In case of the fusion method the presence of other than zeolite phases is not so explicit.
Sorption experiments
Received fly ash zeolites may be used as sulphur dioxide sorbents. Analysis of experimental data allows for the firstly noticing significant differences in adsorbed amounts of sulphur dioxide in case of different synthesis methods. This phenomenon is connected with a different amount of zeolite present in the sample. The fusion synthesis method is presented in literature [8] as the method allowing for the highest degree of conversion of fly ash into zeolite. It is, however, worth noticing that the hydrothermal method is a much more convenient method in case of lower energy consumption required; what's more, it is possible to transform it into semi-industrial, or even industrial scale [9] [10] . Based on received data it can be stated that in case of samples synthesised with the use of the fusion method, the sorption capacity is two times higher than in case of the hydrothermal synthesis method. Due to the nature of synthesized materials, up to date there is no method for accurate and absolute determination of zeolite amount present in the sample; therefore, a detailed analysis of correlation between sorption capacity and zeolite amount present in the sample is not possible. What is noted in case of sorption isotherms experimental data in connection to observation of cyclic sorption is the fact that after the first sorption cycle the sorption capacity is lower for samples synthesised with the use of both methods. What is interesting is that no further decrease is observed after the second cycle. Authors assume that this phenomenon is connected with the nature of synthesised samples. Both syntheses have been performed with the use of NaOH. Due to zeolite structure the process of washing did not result in full removal of non-reacted NaOH. The remaining hydroxide is highly possible to react with sulphur dioxide. This however would take place only in the first cycle.
The performance of sulphur dioxide sorption in three cycles was directed by the will to perform a preliminary test in regeneration possibilities of synthesised materials. Despite the fact that only three cycles were performed, the preliminary observation was made that samples would regenerate, not taking into account decrease after the first cycle described below. The regeneration of this material needs further tests.
The research focused on the analysis of adsorption phenomena needs the application of appropriate theory, as well as models describing the adsorption process. For the purpose of the description of received experimental data there were chosen basic models: Freudlich and Langmuir. In case of Freudlich adsorption isotherm the use of this model may be justified by the fact that experimental points seem even visually to represent the Freudlich isotherm shape. Additionally, Freudlich isotherm is appropriate for the description of microporous, non-homogenous sorbents [2, [11] [12] [13] . Langmuir isotherm was selected for the purpose of comparison as one of the most known and widely used adsorption isotherm models. The limitations included in Langmuir theory assumptions suggest that the description of sulphur dioxide sorption on fly ash zeolites may not give well correlated results.
The constant n in the Freundlich equation gives the indication of heterogeneity of the surface adsorption energy, its value of more than 1 should be expected. When n = 1, the assumption of complete energy homogeneity of the surface can be made [13] . In case of performed analysis the values in all cases are higher than 1, proving information of heterogeneous surface.
Representation of results in a form of graphs and R 2 values allows to find that the preliminary assumption was correct and analysed experimental data were generally better described by Freudlich isotherm. What was noticed was that in case of the first sorption cycle the R 2 coefficient was better for Langmuir, what can be attributed to a different mechanism of sorption which in case of the first cycle was chemisorption.
CONCLUSIONS
It is possible to synthesise zeolites from fly ashes using fusion and hydrothermal methods. By selection of appropriate synthesis parameters the same type of zeolite -zeolite X may be received in both synthesis methods. Fly ash degree of conversion into zeolite differs accordingly due to the synthesis method used.
The received fly ash zeolites synthesised in both synthesis methods may be used as sulphur dioxide sorbents. The sorption capacity of zeolite X synthesised by the fusion method presents two times higher values than for samples synthesized by the hydrothermal method, which is associated with the quantity of zeolite present in the sample. Sorption capacity decreases after the first cycle, most probably due to chemical bounding of sulphur dioxide with non-reacted sodium hydroxide. In the following cycles no further decrease in sorption capacity is observed, which is a preliminary premise for regeneration properties of the synthesised materials.
